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(54) Detection of valid paths 

(57) A receiver of a mobile station or a base station 
in radio communications is formed by a correlation unit 
for generating a delay profile for specifying paths by tak- 
ing correlations by using replica signals for a received 
pilot signal, and a path selection unit for comparing a 
power level of each path in the delay profile with a 



threshold determined according to an index value re- 
garding a communication state, selecting paths for 
which a comparison result satisfies a prescribed condi- 
tion as valid paths, and outputting a selected delay pro- 
file formed by the valid paths as a channel estimation 
value. 



v 



FIGJ 



CM 

< 

CO 
CO 
O) 

CO 
CO 



Q. 
LU 



INPUT 
i - o 

PILOT 
SYMBOL 



) 



21 



20 



RECEIVER 



24 



CHANNEL ESTIMATION DEVICE 



INDEX VALUE 
ACQUISITION 
UNIT 



THRESHOLD 
DETERMINATION 
UNIT 



( 



/ 

24a 



CORRELATION 
UNIT 



PF1 



^22 



CORRESPONDENCE 
H TABLE MEMORY 
UNIT 



THRESHOLD 



PATH 
SELECTION 
UNIT 



v 

24b 



23 



OUTPUT ; 
o 

CHANNEL 
ESTIMATION 
VALUE 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 376 963 A2 



Description 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION 

[0001] The present invention relates to mobile communications, and more particularly to a communication control 
system, a communication control method, a mobile station and a base station. 

10 DESCRIPTION OF THE RELATED ART 

[0002] In general, in the radio communications, signals are received through a plurality of paths and each path is 
affected by its own delay and fading variation, so that there is a need to carry out a channel estimation for estimating 
phase and amplitude variations of received signals due to the delay and the fading variation of each path, at a receiver 
15 by using a pilot symbol which is a symbol for which the transmission data modulation phase is known in advance. 
[0003] Fig. 11 shows a part of a configuration of a receiver 10 for carrying out the conventional channel estimation 
method. Note that Fig. 11 only shows a portion of the configuration of the receiver 10 which is related to the channel 
estimation. 

[0004] As shown in Fig. 11, the receiver 10 has a channel estimation device 11 as a device for carrying out the 
20 channel estimation, and this channel estimation device 11 has a correlation unit 12 and a path selection unit 13. The 
correlation unit 12 is connected to the path selection unit 13, receives an input of the pilot symbol in the received 
signals, produces a delay profile by using this pilot symbol, and transmits the produced delay profile to the path selection 
unit 1 3. On the other hand, the path selection unit 1 3 removes paths that can be regarded as noises from the elements 
of the delay profile transmitted from the correlation unit 1 2, selects valid paths, and outputs the delay profile after the 
25 path selection as a channel estimation value indicating the state of radio communication channels. 

[0005] The path selection processing at this path selection unit 13 uses a method in which a reference power level 
is set as a threshold, a power level of each path is compared with the threshold, and a path for which the power level 
exceeds the threshold is selected. 

[0006] However, the conventional channel estimation method fixes the threshold that becomes a reference in carrying 
30 out the path selection as described above, so that it has been impossible to carry out the path selection by using the 
optimum threshold at each occasion, for various radio communication channel states, various service types, various 
modulation schemes or various MCS (Modulation and Coding Scheme) levels. 

BRIEF SUMMARY OF THE INVENTION 

35 

[0007] It is therefore an object of the present invention to provide a communication control system, a communication 
control method, a mobile station and a base station which are capable of carrying out path selection by using the 
optimum threshold according to the radio communication channel state, the service type, the modulation scheme and 
the MCS level of each occasion, and thereby reducing the error rate in the radio communications. 

40 [0008] According to one aspect of the present invention there is provided a communication control system for con- 
trolling radio communications between a transmitter and a receiver, comprising: a correlation unit configured to receive 
a pilot signal which is a sequence known at the receiver and transmitted by the transmitter, and generate a delay profile 
for specifying paths by taking correlations by using replica signals for a received pilot signal; a threshold determination 
unit configured to determine a threshold according to an index value regarding a communication state; and a path 

45 selection unit configured to compare a power level of each path in the delay profile with the threshold, select paths for 
which a comparison result satisfies a prescribed condition as valid paths, and output a selected delay profile formed 
by the valid paths as a channel estimation value. 

[0009] According to another aspect of the present invention there is provided a communication control method for 
controlling radio communications between a transmitter and a receiver, comprising: transmitting a pilot signal which is 

50 a sequence known at the receiver, from the transmitter; receiving the pilot signal at the receiver, and generating a delay 
profile for specifying paths by taking correlations by using replica signals for a received pilot signal; determining a 
threshold according to an index value regarding a communication state; and comparing a power level of each path in 
the delay profile with the threshold, selecting paths for which a comparison result satisfies a prescribed condition as 
valid paths, and outputting a selected delay profile formed by the valid paths as a channel estimation value. 

55 [001 0] According to another aspect of the present invention there is provided a mobile station device for carrying out 
radio communications with a base station, comprising: a correlation unit configured to receive a pilot signal which is a 
sequence known at the mobile station device and transmitted by the base station, and generate a delay profile for 
specifying paths by taking correlations by using replica signals for a received pilot signal; and a path selection unit 
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configured to compare a power level of each path in the delay profile with a threshold determined according to an index 
value regarding a communication state, select paths for which a comparison result satisfies a prescribed condition as 
valid paths, and output a selected delay profile formed by the valid paths as a channel estimation value. 
[001 1 ] According to another aspect of the present invention there is provided a base station device for carrying out 

5 radio communications with a mobile station, comprising: a correlation unit configured to receive a pilot signal which is 
a sequence known at the base station device and transmitted by the mobile station, and generate a delay profile for 
specifying paths by taking correlations by using replica signals for a received pilot signal; and a path selection unit 
configured to compare a power level of each path in the delay profile with a threshold determined according to an index 
value regarding a communication state, select paths for which a comparison result satisfies a prescribed condition as 

w valid paths, and output a selected delay profile formed by the valid paths as a channel estimation value. 

[0012] Other features and advantages of the present invention will become apparent from the following description 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0013] Fig. 1 is a block diagram showing a schematic configuration of a receiver according to one embodiment of 
the present invention. 

[001 4] Fig. 2 is a diagram for explaining a delay profile production at a correlation unit of a receiver according to one 
embodiment of the present invention. 
20 [0015] Figs. 3A and 3B are graphs for explaining a path selection at a path selection unit of a receiver according to 
one embodiment of the present invention. 

[0016] Figs. 4A and 4B are diagrams showing exemplary contents of a correspondence table used by a receiver 
according to one embodiment of the present invention. 

[0017] Fig. 5 is a flow chart showing an operation procedure for carrying out a channel estimation at a receiver 
25 according to one embodiment of the present invention. 

[0018] Figs. 6A and 6B are diagrams showing exemplary contents of a correspondence table used by a receiver 
according to a modified embodiment 1 of the present invention. 

[0019] Fig. 6C is a diagram showing an exemplary content of a correspondence table used by a receiver according 
to a modified embodiment 2 of the present invention. 
30 [0020] Fig. 7 is a graph showing a simulation result for obtaining optimum threshold for each MCS level according 
to a modified embodiment 2 of the present invention. 

[0021] Figs. 8A and 8B are diagrams showing exemplary contents of a correspondence table used by a receiver 
according to a modified embodiment 3 of the present invention. 

[0022] Fig. 8C is a diagram showing an exemplary content of a correspondence table used by a receiver according 
35 to a modified embodiment 4 of the present invention. 

[0023] Fig. 8D is a diagram showing an exemplary content of a correspondence table used by a receiver according 
to a modified embodiment 5 of the present invention. 

[0024] Fig. 9A is a diagram showing an exemplary content of a correspondence table used by a receiver according 
to a modified embodiment 6 of the present invention. 
40 [0025] Fig. 9B is a diagram showing an exemplary content of a correspondence table used by a receiver according 
to a modified embodiment 7 of the present invention. 

[0026] Fig. 10 is a block diagram showing a schematic configuration of a communication control system according 
to a modified embodiment 8 of the present invention. 

[0027] Fig. 11 is a block diagram showing a schematic configuration of a conventional receiver. 

45 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] Referring now to Fig. 1 to Fig. 5, one embodiment of a communication control system, a communication 
control method, a mobile station and a base station according to the present invention will be described in detail. 

50 

(Configuration of a receiver) 

[0029] Fig. 1 shows a schematic configuration of a portion regarding the channel estimation in a receiver 20 according 
to this embodiment. 

55 [0030] As shown in Fig. 1, the receiver 20 has a channel estimation device 21 as a device for carrying out the channel 
estimation, and this channel estimation device 21 has a correlation unit 22, a path selection unit 23 and a threshold 
determination unit 24. 

[0031] The channel estimation device 21 carries out the channel estimation by using a pilot symbol which is a symbol 
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for which the transmission data modulation phase is known in advance at a receiving side, and estimates the phase 
and amplitude variations of the received signals due to the delay and the fading variation of each path, that is, the 
fading complex envelop curve. 

[0032] The correlation unit 22 is connected to the path selection unit 23, and has a function for detecting a position 

5 of the pilot symbol in the input received data and extracting the pilot symbol S1 . Also, as shown in Fig. 2, the correlation 
unit 22 has a function for taking correlations by multiplying the extracted pilot symbol S1 with each one of replicas R1 
of the pilot symbol stored in the correlation unit 22, i.e., symbol sequences identical to the pilot symbol which have one 
chip displacement between adjacent ones starting from the detected position described above, and producing the 
delay profile PF1. The produced delay profile PF1 is transmitted to the path selection unit 23. 

w [0033] The path selection unit 23 is connected to the correlation unit 22 and the threshold determination unit 24, 
receives a path selection threshold transmitted from the threshold determination unit 24 and the delay profile PF1 
transmitted from the correlation unit 22, carries out the path selection according to a prescribed algorithm, removes 
background noises such as interferences and noises from signals of other communicating parties and the multi-path 
signals of the own channel from the delay profile PF1 , and produces and outputs the delay profile formed only by valid 

15 paths, that is, the channel estimation value. 

[0034] Here, the algorithm for the path selection can be any one of the algorithm in which a threshold is set according 
to the power level of the path with the largest power and the valid paths having the received power greater than or 
equal to that threshold are selected, the algorithm in which a threshold is set according to an average power level of 
the delay profile and the valid paths having the received power greater than or equal to that threshold are selected, 

20 and the algorithm in which a threshold is set according to the background noise power level and the valid paths having 
the received power greater than or equal to that threshold are selected. Figs. 3A and 3B illustrate the principle of the 
algorithm in which a threshold is set according to the power level of the path with the largest power and the valid paths 
having the received power greater than or equal to that threshold are selected, as an example of the path selection 
processing. 

25 [0035] In further detail, the threshold is set to be 1/3 of the power level of the largest path as shown in Fig. 3A, for 
example, and by comparing the received power of each path with this threshold, the paths hi, h2, h4, etc. that have 
the power level greater than or equal to the threshold among a plurality of paths hi , h2, h3, and so on are selected as 
shown in Fig. 3B. 

[0036] The threshold determination unit 24 is connected to the path selection unit 23, determines the path selection 
30 threshold for the purpose of carrying out the path selection, according to an index value for determining the threshold, 
and transmits the path selection threshold to the path selection unit 23. More specifically, as shown in Fig. 1, the 
threshold determination unit 24 has an index value acquisition unit 24a for acquiring the index value from a base station 
or the like, and a correspondence table memory unit 24b for storing a correspondence table. 
[0037] In further detail, the threshold determination unit 24 acquires the threshold by referring to the correspondence 
35 table stored in the correspondence table memory unit 24b according to the index value inputted from the index value 
acquisition unit 24a, and outputs the acquired threshold to the path selection unit 23. 

[0038] In this embodiment, the index value is a radio quality index value for indicating a radio quality of the commu- 
nication channel by which the communication is currently carried out, which can be any of a Signal to Interference 
Ratio (SIR), a Carrier to Interference Ratio (CIR), a Signal to Noise Ratio (SNR), a Carrier to Noise Ratio (CNR), a 

40 received power, and a Received Signal Strength Indication signal (RSSI), at the own station, for example. 

[0039] The correspondence table in this embodiment is a table data in which the quality index value described above 
and the threshold are set in correspondence, which can be formed as shown in Fig. 4A, for example. Namely, the path 
selection threshold can be set to be 1/10 of the power level of the path having the largest power among the delay 
profile when the SIR value measured by the receiver 20 is less than a prescribed value, 5 dB for example, and the 

45 path selection threshold can be set to be 1/1 2 of the power level of the path having the largest power among the delay 
profile when the SIR value is greater than 5 dB. 

[0040] Also, the correspondence table can be formed as shown in Fig. 4B, such that the path selection threshold 
can be set to be 1/10 of the average power level of the delay profile when the RSSI value measured by the receiver 
20 is less than a prescribed value, 4 dB for example, the path selection threshold can be set to be 1/12 of the average 

so power level of the delay profile when the RSSI value is greater than 4 dB and less than 5 dB, and the path selection 
threshold can be set to be 1/1 6 of the average power level of the delay profile when the RSSI value is greater than 5 dB. 
[0041] Here, the relationship between the radio quality index value and the path selection threshold is not necessarily 
limited to a relationship according to which the path selection threshold is made smaller when the radio quality index 
value is larger and the path selection threshold is made larger when the radio quality index value is smaller, and can 

55 be a relationship according to which the path selection threshold is made smaller when the radio quality index value 
is smaller and the path selection threshold is made larger when the radio quality index value is larger. 
[0042] In addition, the relationship between the radio quality index value and the path selection threshold can be set 
in a more detailed manner, continually according to the radio quality index value, as given by the equation: 
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(path selection threshold) = f(radio quality index value) 

for example. Here, f(x) is arbitrary function such as a linear function, a quadratic function, etc. 
5 [0043] Note that the receiver according to the present invention is applicable to all the receivers for carrying out the 
radio communications, so that it can be used as the receiver of the mobile station as well as the receiver of the radio 
base station, for example. 

(Operation of a receiver) 

w 

[0044] The operation of the receiver 20 having the above described configuration will now be described with reference 
to Fig. 5, which shows an operation procedure in the case of carrying out the channel estimation at the receiver 20. 
[0045] As shown in Fig. 5, at the step S201 , the correlation unit 22 detects the position of the pilot symbol S1 in the 
received data and extracts the pilot symbol S1, produces the delay profile by taking correlations by multiplying the 

15 extracted pilot symbol S1 with each one of replicas R1 of the pilot symbol at the receiving side, i.e., symbol sequences 
identical to the pilot symbol which have one chip displacement between adjacent ones starting from the detected 
position described above, and transmits the produced delay profile to the path selection unit 23. 
[0046] Next, at the step S202, the threshold determination unit 24 determines the path selection threshold for the 
purpose of carrying out the path selection according to the radio quality index value which is an index value for indicating 

20 a radio quality of the communication channel by which the communication is currently carried out, and transmits the 
path selection threshold to the path selection unit 23. 

[0047] Then, at the step S203, the path selection unit 23 receives the path selection threshold transmitted from the 
threshold determination unit 24 and the delay profile transmitted from the correlation unit 22, carries out the path 
selection according to a prescribed algorithm, removes background noises such as interferences and noises from 
25 signals of other communicating parties and the multi-path signals of the own channel from the delay profile, and pro- 
duces and outputs the delay profile formed only by valid paths, that is, the channel estimation value. 

(Effects of a receiver) 

30 [0048] In general, the the transmission characteristic becomes better and the error rate in the communications be- 
comes lower when the number of paths is greater because the path diversity effect can be obtained. However, the 
transmission characteristic becomes worse when the signals due to noises are erroneously judged as paths and de- 
modulated. Consequently, according to the receiver in this embodiment, it is possible to set the path selection threshold 
smaller when the radio quality index value is larger, that is, when the noises or interferences are less, such that signals 

35 can be demodulated by accounting for more paths, and it is also possible to set the path selection threshold larger 
when the radio quality index value is smaller, that is, when the noises or interferences are greater, such that a possibility 
for erroneously judging signals due to noises as paths can be lowered. As a result, the receiver according to this 
embodiment can carry out the path selection by using the optimum threshold in the radio environment at each occasion, 
and thereby reduce the error rate in the communications. 

40 [0049] The present invention is not necessarily limited to one embodiment described above. Referring now to Fig. 
6A to Fig. 10, various modifications that can be made on the above described embodiment of the present invention 
will be described in detail. 

(Modified embodiment 1) 

45 

[0050] In the above described embodiment, the threshold determination unit 24 may determine the path selection 
threshold for the purpose of carrying out the path selection, according to the number of users that are carrying out 
communications simultaneously or the number of traffics, instead of the radio quality index value. 
[0051] Here, the correspondence table memory unit 24b stores the table data in which the number of users or the 
50 number of traffics and the threshold are set in correspondence as shown in Fig. 6A or Fig. 6B, and the index value 
acquisition unit 24a acquires the number of users that are currently in communications or the number of traffics. Then, 
the threshold determination unit 24 determines the path selection threshold for the purpose of carrying out the path 
selection, according to the number of users that are carrying out communications simultaneously or the number of 
traffics. 

55 [0052] The content of the correspondence table can be set as shown in Fig. 6A such that the path selection threshold 
can be set to be 1/1 2 of the power level of the path having the largest power among the delay profile when the number 
of users that are carrying out communications simultaneously is greater than a prescribed value, and the path selection 
threshold can be set to be 1/16 of the power level of the path having the largest power among the delay profile when 
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the number of users that are carrying out communications simultaneously is less than the prescribed value. 
[0053] Also, the content of the correspondence table can be set as shown in Fig. 6B such that the path selection 
threshold can be set to be 1/15 of the power level of the path having the largest power among the delay profile when 
the number of traffics is greater than a prescribed value, and the path selection threshold can be set to be 1/18 of the 
5 power level of the path having the largest power among the delay profile when the number of traffics is less than the 
prescribed value. 

[0054] Here, the relationship between the number of users that are carrying out communications simultaneously or 
the number of traffics and the path selection threshold is not necessarily limited to a relationship according to which 
the path selection threshold is made larger when the number of users that are carrying out communications simulta- 

w neously or the number of traffics is larger and the path selection threshold is made smaller when the number of users 
that are carrying out communications simultaneously or the number of traffics is smaller, and can be a relationship 
according to which the path selection threshold is made smaller when the number of users that are carrying out com- 
munications simultaneously or the number of traffics is larger and the path selection threshold is made larger when 
the number of users that are carrying out communications simultaneously or the number of traffics is smaller. 

15 [0055] In addition, the relationship between the number of users that are carrying out communications simultaneously 
or the number of traffics and the path selection threshold can be set in a more detailed manner, as given by the equation: 



20 



(path selection threshold) = f (number of users that are 
carrying out communications simultaneously or number of 
traffics) 



25 for example. Here, f(x) is arbitrary function such as a linear function, a quadratic function, etc. 

[0056] According to the receiving of this modified embodiment 1, when the number of users that are carrying out 
communications simultaneously or the number of traffics is larger, interferences by the other users are greater so that 
signals due to interferences in the delay profile are increased, and therefore a possibility for erroneously judging signals 
due to interferences as paths and demodulating them can be lowered by setting the path selection threshold for the 

30 purpose of carrying out the path selection larger. On the other hand, when the number of users that are carrying out 
communications simultaneously or the number of traffics is smaller, interferences by the other users are less so that 
signals due to interferences in the delay profile are decreased, and therefore the more path diversity effect can be 
obtained by setting the path selection threshold for the purpose of carrying out the path selection smaller, so that the 
error rate in the communications can be reduced. 

35 

(Modified embodiment 2) 

[0057] Also, in the above described embodiment, the threshold determination unit 24 may determine the path selec- 
tion threshold for the purpose of carrying out the path selection, according to the MCS level, instead of the radio quality 
40 index value. 

[0058] Here, the MCS level will be described briefly. The MCS level is a combination of adaptively varied modulation 
scheme and coding rate in the adaptive modulation and coding (AMC) in which the modulation scheme and the coding 
rate R of the turbo coding are made variable adaptively according to the moving speed of the receiver and the radio 
quality. 

45 [0059] Here, the correspondence table memory unit 24b stores the table data in which the MCS level and the thresh- 
old are set in correspondence as shown in Fig. 6C, and the index value acquisition unit 24a acquires the MCS level. 
Then, the threshold determination unit 24 determines the path selection threshold for the purpose of carrying out the 
path selection, according to the MCS level. 

[0060] For example, consider the case of carrying out the AMC by using four MCS levels including MCS level 1 
50 (QPSK, R = 1/2), MCS level 2 (QPSK, R = 3/4), MCS level 3 (16QAM, R = 1/2), and MCS level 4 (16QAM, R = 3/4). 
When the simulation was actually carried out for this case to obtain the optimum threshold at each MCS level, the 
result as shown in Fig. 7 was obtained. 

[0061] Consequently, the path selection threshold is set to be 0.06 of the power level of the path having the largest 
power among the delay profile when the communications are carried out by using the MCS level 1 , the path selection 
55 threshold is set to be 0.05 of the power level of the path having the largest power among the delay profile when the 
communications are carried out by using the MCS level 2, the path selection threshold is set to be 0.03 of the power 
level of the path having the largest power among the delay profile when the communications are carried out by using 
the MCS level 3, and the path selection threshold is set to be 0.025 of the power level of the path having the largest 
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power among the delay profile when the communications are carried out by using the MCS level 4, for example. 
[0062] According to the receiver of this modified embodiment 2, the path selection can be carried out by using the 
optimum path selection threshold whenever the MCS level is switched, so that the error rate in the communications 
can be reduced. 

5 

(Modified embodiment 3) 

[0063] Also, in the above described embodiment, the threshold determination unit 24 may determine the path selec- 
tion threshold for the purpose of carrying out the path selection, according to a type of the modulation scheme by which 

w communications are carried out, instead of the radio quality index value. 

[0064] Here, the correspondence table memory unit 24b stores the table data in which the modulation scheme and 
the threshold are set in correspondence as shown in Fig. 8A or Fig. 8B, and the index value acquisition unit 24a acquires 
the modulation scheme. Then, the threshold determination unit 24 determines the path selection threshold for the 
purpose of carrying out the path selection, according to the modulation scheme by which communications are carried 

15 out. 

[0065] For example, the path selection threshold can be set to be 0.05 of the power level of the path having the 
largest power among the delay profile when the communications are carried out by using the QPSK, and the path 
selection threshold can be set to be 0.02 of the power level of the path having the largest power among the delay 
profile when the communications are carried out by using the 16QAM. 

20 [0066] Also, for example, the path selection threshold can be set to be 0.06 of the average power level of the delay 
profile when the communications are carried out by using the 64QAM, the path selection threshold can be set to be 
0.04 of the average power level of the delay profile when the communications are carried out by using the 16QAM, 
and the path selection threshold can be set to be 0.02 of the average power level of the delay profile when the com- 
munications are carried out by using the QPSK. 

25 [0067] According to the receiver of this modified embodiment 3, the path selection can be carried out by using the 
path selection threshold suitable for the modulation scheme by which communications are carried out, so that the error 
rate in the communications can be reduced. 

(Modified embodiment 4) 

30 

[0068] Also, in the above described embodiment, the threshold determination unit 24 may determine the path selec- 
tion threshold for the purpose of carrying out the path selection, according to a fading pitch (fading frequency) for the 
communication channel on the path, instead of the radio quality index value. 

[0069] Here, the correspondence table memory unit 24b stores the table data in which the fading frequency and the 
35 threshold are set in correspondence as shown in Fig. 8C, and the index value acquisition unit 24a acquires the fading 
frequency during communications. Then, the threshold determination unit 24 determines the path selection threshold 
for the purpose of carrying out the path selection, according to the fading frequency. 

[0070] For example, the path selection threshold can be set to be 1/12 of the power level of the path having the 
largest power among the delay profile when the fading frequency is greater than a prescribed value, and the path 
40 selection threshold can be set to be 1/16 of the power level of the path having the largest power among the delay 
profile when the fading frequency is less than the prescribed value. 

[0071 ] Here, the relationship between the fading frequency and the path selection threshold is not necessarily limited 
to a relationship according to which the path selection threshold is made larger when the fading frequency is larger 
and the path selection threshold is made smaller when the fading frequency is smaller, and can be a relationship 
45 according to which the path selection threshold is made smaller when the fading frequency is larger and the path 
selection threshold is made larger when the fading frequency is smaller. 

[0072] In addition, the relationship between the fading frequency and the path selection threshold can be set in a 
more detailed manner, as given by the equation: 

50 

(path selection threshold) = f(fading frequency) 

for example. Here, f(x) is arbitrary function such as a linear function, a quadratic function, etc. 
[0073] According to the receiver of this modified embodiment 4, the path selection can be carried out by using the 
55 path selection threshold suitable for the fading encountered by the radio communication channel at each occasion, so 
that the error rate in the communications can be reduced. 
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(Modified embodiment 5) 

[0074] Also, in the above described embodiment, the threshold determination unit 24 may determine the path selec- 
tion threshold for the purpose of carrying out the path selection, according to a location information of the mobile station, 

5 instead of the radio quality index value. 

[0075] Here, the correspondence table memory unit 24b stores the table data in which the location information and 
the threshold are set in correspondence as shown in Fig. 8D, and the index value acquisition unit 24a acquires the 
location information. Then, the threshold determination unit 24 determines the path selection threshold for the purpose 
of carrying out the path selection, according to the location information. 

w [0076] Here, the location information of the mobile station can be a location information in various senses ranging 
from a specific location information on coordinates indicated by using GPS or the like, to a broad location information 
indicating it is located in one cell or sector, it is located indoor, it is located outdoor, etc. Also, this modified embodiment 
based on the location information of the mobile station is applicable to the receivers of both the mobile station and the 
radio base station, 

15 [0077] For example, the path selection threshold can be set to be 1/20 of the power level of the path having the 
largest power among the delay profile when the mobile station is located indoor, and the path selection threshold can 
be set to be 1/16 of the power level of the path having the largest power among the delay profile when the mobile 
station is located outdoor. Also, the path selection threshold can be set to be a value specific to a prescribed area when 
the mobile station is located in the prescribed area (such as a particular sector or cell, inside of a particular building, 

20 inside of a particular site). 

[0078] In addition, the relationship between the location information (the location information according to GPS, for 
example) and the path selection threshold can be set in a more detailed manner, as given by the equation: 

25 (path selection threshold) = f(location information of 

mobile station) 

for example. Here, f(x) is arbitrary function such as a linear function, a quadratic function, etc. 
30 [0079] According to the receiver of this modified embodiment 5, the path selection can be carried out by using the 
path selection threshold suitable for the location information of the mobile station, so that the error rate in the commu- 
nications can be reduced. 

(Modified embodiment 6) 

35 

[0080] Also, in the above described embodiment, the threshold determination unit 24 may determine the path selec- 
tion threshold for the purpose of carrying out the path selection, according to a service type, instead of the radio quality 
index value. 

[0081] Here, the correspondence table memory unit 24b stores the table data in which the service type and the 
40 threshold are set in correspondence as shown in Fig. 9A, and the index value acquisition unit 24a acquires the service 
type of currently carried out communications. Then, the threshold determination unit 24 determines the path selection 
threshold for the purpose of carrying out the path selection, according to the service type. 

[0082] For example, the path selection threshold can be set to be 1/12 of the power level of the path having the 
largest power among the delay profile when the communications for the speech communication service are carried 
45 out, and the path selection threshold can be set to be 1/16 of the power level of the path having the largest power 
among the delay profile when the communications for the data communication service are carried out. 
[0083] According to the receiver of this modified embodiment 6, the path selection can be carried out by using the 
path selection threshold suitable for the service type, so that the error rate in the communications can be reduced. 

50 (Modified embodiment 7) 

[0084] Also, in the above described embodiment, the threshold determination unit 24 may determine the path selec- 
tion threshold for the purpose of carrying out the path selection, according to a time zone for carrying out communica- 
tions, instead of the radio quality index value. 
55 [0085] Here, the correspondence table memory unit 24b stores the table data in which the time zone and the threshold 
are set in correspondence as shown in Fig. 9B, and the index value acquisition unit 24a acquires the time zone of 
currently carried out communications. Then, the threshold determination unit 24 determines the path selection threshold 
for the purpose of carrying out the path selection, according to the time zone for carrying out communications. 
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[0086] For example, the path selection threshold can be set to be 1/18 of the power level of the path having the 
largest power among the delay profile when the communications are carried out in the night time zone, and the path 
selection threshold can be set to be 1/16 of the power level of the path having the largest power among the delay 
profile when the communications are carried out in the daytime time zone. 
5 [0087] According to the receiver of this modified embodiment 7, the path selection can be carried out by using the 
path selection threshold suitable for the time zone for carrying out communications, so that the error rate in the com- 
munications can be reduced. 

(Modified embodiment 8) 

w 

[0088] In the above described embodiment and modified embodiments, the exemplary case of providing the index 
value acquisition unit 24a, the threshold determination unit 24 and the correspondence table memory unit 24b at the 
receiver which is assumed to be a mobile station, but the present invention is not necessarily limited to this case, and 
as shown in Fig. 10, the index value acquisition unit 24a, the threshold determination unit 24 and the correspondence 

15 table memory unit 24b can be provided at a base station 30. 

[0089] In this case, the base station (transmitter) 30 refers to the correspondence table memory unit 24b according 
to the index value, extracts the threshold, and notifies this extracted threshold from a threshold notification unit 31 to 
a threshold acquisition unit 41 of a mobile station (receiver) 40. The threshold acquisition unit 41 outputs the acquired 
threshold to the path selection unit 23, and the path selection unit 23 outputs the channel estimation value by the 

20 procedure described above. 

[0090] As described, according to the communication control system, the communication control method, the mobile 
station and the base station according to the present invention, the receiver changes the path selection threshold 
according to one of the measured radio quality, the service type, the modulation scheme, the MCS level, the number 
of users that are carrying out communications, the number of traffics, the time zone, the location information of the 

25 mobile station, the fading frequency, etc., such that the path selection can be carried out by using the path selection 
threshold optimum in the radio environment of each occasion, and thereby the error rate in the communications can 
be reduced. 

[0091] Note that, in the present invention, the radio communications between the transmitter and the receiver may 
include communications between a base station and a mobile station, communications between base stations, and 
30 communications between mobile stations, and which one of the transmitter and the receiver is to be used at a given 
station depends on whether this station is a transmitting side or a receiving side of the communications, regardless of 
whether this station is a mobile station or a base station. 

[0092] It is also to be noted that, besides those already mentioned above, many modifications and variations of the 
above embodiments may be made without departing from the novel and advantageous features of the present invention. 
35 Accordingly, all such modifications and variations are intended to be included within the scope of the appended claims. 

Claims 

40 1 . A communication control system for controlling radio communications between a transmitter and a receiver, com- 
prising: 

a correlation unit configured to receive a pilot signal which is a sequence known at the receiver and transmitted 
by the transmitter, and generate a delay profile for specifying paths by taking correlations by using replica 
45 signals for a received pilot signal; 

a threshold determination unit configured to determine a threshold according to an index value regarding a 
communication state; and 

a path selection unit configured to compare a power level of each path in the delay profile with the threshold, 
select paths for which a comparison result satisfies a prescribed condition as valid paths, and output a selected 
50 delay profile formed by the valid paths as a channel estimation value. 

2. A communication control method for controlling radio communications between a transmitter and a receiver, com- 
prising: 

55 transmitting a pilot signal which is a sequence known at the receiver, from the transmitter; 

receiving the pilot signal at the receiver, and generating a delay profile for specifying paths by taking correla- 
tions by using replica signals for a received pilot signal; 

determining a threshold according to an index value regarding a communication state; and 
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comparing a power level of each path in the delay profile with the threshold, selecting paths for which a com- 
parison result satisfies a prescribed condition as valid paths, and outputting a selected delay profile formed 
by the valid paths as a channel estimation value. 

5 3. A mobile station device for carrying out radio communications with a base station, comprising: 

a correlation unit configured to receive a pilot signal which is a sequence known at the mobile station device 
and transmitted by the base station, and generate a delay profile for specifying paths by taking correlations 
by using replica signals for a received pilot signal; and 
w a path selection unit configured to compare a power level of each path in the delay profile with a threshold 

determined according to an index value regarding a communication state, select paths for which a comparison 
result satisfies a prescribed condition as valid paths, and output a selected delay profile formed by the valid 
paths as a channel estimation value. 

15 4. The mobile station device of claim 3, further comprising: 

a threshold determination unit configured to acquire the index value, and determine the threshold according 
to an acquired index value. 

20 5. The mobile station device of claim 3, wherein the path selection unit has a function for acquiring the threshold 
determined at the base station according to the index value. 

6. The mobile station device of claim 3, wherein the index value indicates a radio quality of a communication channel 
by which communications are currently carried out, and the threshold is determined according to the radio quality. 

25 

7. The mobile station device of claim 3, wherein the index value indicates a number of users that are carrying out 
communications simultaneously or a number of traffics, and the threshold is determined according to the number 
of users or the number of traffics. 

30 8. The mobile station device of claim 3, wherein the index value indicates a MCS (Modulation and Coding Scheme) 
level, and the threshold is determined according to the MCS level. 

9. The mobile station device of claim 3, wherein the index value indicates a modulation scheme by which communi- 
cations are currently carried out, and the threshold is determined according to the modulation scheme. 

35 

10. The mobile station device of claim 3, wherein the index value indicates a fading frequency, and the threshold is 
determined according to the fading frequency. 

11. A base station device for carrying out radio communications with a mobile station, comprising: 

40 

a correlation unit configured to receive a pilot signal which is a sequence known at the base station device 
and transmitted by the mobile station, and generate a delay profile for specifying paths by taking correlations 
by using replica signals for a received pilot signal; and 

a path selection unit configured to compare a power level of each path in the delay profile with a threshold 
45 determined according to an index value regarding a communication state, select paths for which a comparison 

result satisfies a prescribed condition as valid paths, and output a selected delay profile formed by the valid 
paths as a channel estimation value. 

1 2. The base station device of claim 1 1 , further comprising: 

50 

a threshold determination unit configured to acquire the index value, and determine the threshold according 
to an acquired index value. 

13. The mobile station device of claim 11, wherein the path selection unit has a function for acquiring the threshold 
55 determined at the mobile station according to the index value. 

14. The base station device of claim 11, wherein the index value indicates a radio quality of a communication channel 
by which communications are currently carried out, and the threshold is determined according to the radio quality. 
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15. The base station device of claim 11, wherein the index value indicates a number of users that are carrying out 
communications simultaneously or a number of traffics, and the threshold is determined according to the number 
of users or the number of traffics. 

5 16. The base station device of claim 11, wherein the index value indicates a MCS (Modulation and Coding Scheme) 
level, and the threshold is determined according to the MCS level. 

17. The base station device of claim 11 , wherein the index value indicates a modulation scheme by which communi- 
cations are currently carried out, and the threshold is determined according to the modulation scheme. 

w 

18. The base station device of claim 11, wherein the index value indicates a fading frequency, and the threshold is 
determined according to the fading frequency. 

19. A base station device for carrying out radio communications with a mobile station, comprising: 

15 

a transmission unit configured to transmit a pilot signal which is a sequence known at the mobile station, to 
the mobile station, such that the mobile station generates a delay profile for specifying paths by taking corre- 
lations by using replica signals for the pilot signal received from the base station device, which is to be used 
in a path selection by the mobile station to select paths which satisfy a prescribed condition as valid paths; 
20 a threshold determination unit configured to acquire an index value regarding a communication state, and 

determine a threshold to be compared with a power level of each path in the delay profile by the path selection 
at the mobile station, according to an acquired index value; and 

a threshold notification unit configured to notify the threshold determined by the threshold determination unit 
to the mobile station. 

25 

20. A base station device for carrying out radio communications with a mobile station, comprising: 

a transmission unit configured to transmit a pilot signal which is a sequence known at the mobile station, to 
the mobile station, such that the mobile station generates a delay profile for specifying paths by taking corre- 
30 lations by using replica signals for the pilot signal received from the base station device, which is to be used 

in a path selection by the mobile station to select paths which satisfy a prescribed condition as valid paths; and 
an index value notification unit configured to acquire an index value regarding a communication state, which 
is to be used in determining a threshold to be compared with a power level of each path in the delay profile 
by the path selection at the mobile station, and notify an acquired index value to the mobile station. 

35 
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